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The optimal state of inflation for lung allografts during preservation is not 
known. We previously showed that hyperinflation of canine lung allografts 
during storage improved posttransplant graft function as measured uring 10 
minutes of contralateral pulmonary artery occlusion. However, we have also 
shown that hyperinflation during storage increases pulmonary capillary per- 
meability. It is possible that short-term total cardiac perfusion through the 
transplanted left lung (for assessment) may not adequately reproduce the 
clinical situation. The purpose of this study was to assess the effects of 
hyperinfiation during storage in a canine left single-lung transplantation 
model in which all perfusion was continuously directed to the graft after 
implantation. Twenty canine left single-lung transplants were done. The lungs 
of donor animals were ventilated at a tidal volume of 750 mi and an inspired 
oxygen fraction of 100%. Donor lungs were flushed with modified Euro-Collins 
solution and the trachea occluded at end inspiration. For donors in groups I
and III, the trachea was sealed at that postinflation volume. In groups II and 
IV, 200 cc of air was withdrawn from the endotracheal tube under positive 
pressure and the trachea sealed at the lower tidal volume. Lungs were then 
extracted and stored at 1 ° C for 12 hours. After the preservation period, left 
lung transplants were performed. After implantation i  all groups, the right 
pulmonary artery was ligated. In groups I and II, the right bronchus was 
ligated and in groups III and 1V the right bronchus was kept open. Subsequent 
allograft gas exchange and hemodynamics were assessed uring a 6-hour 
period of reperfnsion. After assessment, both lungs were excised, wet/dry lung 
weight ratio was calculated, and histologic examination was done. During the 
6-hour assessment, lungs stored in a state of hyperinflation (groups I and III) 
showed rapid deterioration of gas exchange. At the final assessment, arterial 
oxygen tension and alveolar-arterial oxygen gradient of groups I and III were 
significantly worse than those of groups II and IV (group I versus group II: 
arterial oxygen tension 87.5 -+ 15.0 versus 373.8 -+ 65.5 mm Hg, alveolar- 
arterial oxygen gradient 564.4 -+ 13.2 versus 298.6 --- 69.3 mm Hg, p < 0.05; 
group HI versus group IV: arterial oxygen tension 245.4 - 33.0 versus 543.6 -+ 
41.8 mm Hg, alveolar-arterial oxygen gradient 392.5 -+ 35.6 versus 120.5 -+ 34.7 
mm Hg, p < 0.01). We conclude that donor lung hyperinflation during storage 
does not provide better posttransplant allograft function when perfusion is 
limited only to the allograft. (J Thorae Cardiovasc Surg 1996;112:94-102) 
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A lthough clinical lung transplantation has recently become an accepted therapy for end-stage pul- 
monary diseases, 1 early graft dysfunction remains a 
common and highly unpredictable problem. Numer- 
ous studies have been conducted in an effort to 
establish the optimal strategy for pulmonary al- 
lograft preservation. The optimal state of inflation 
or ventilation during lung preservation remains u -
certain. 
Homatas, Bryant, and Eiseman 2 demonstrated 
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that continuous positive-pressure ventilation im- 
proved warm ischemic tolerance of the lung. Veith 
and associates 3 reported that a single lung could 
maintain adequate pulmonary function after 3 hours 
of normothermic schemia if it was inflated or after 
2 hours of ischemia if it was ventilated, whereas a 
defated lung failed to provide adequate pulmonary 
function within a 1-hour ischemic period. Further- 
more, Fonkalsrud and colleagues 4' 5 revealed that 
lung expansion by positive end-expiratory pressure 
or static inflation with 10 cm water pressure main- 
tained excellent pulmonary function in lungs after 4 
to 10 hours of normothermic ischemia. Despite 
these results, in 1988, Todd and associates 6 pub- 
lished a technique for harvesting atelectatic left lung 
allografts, which was successfully used in the early 
experience of the Toronto group. In contrast, Pus- 
kas and associates 7 reported that the combination of 
large tidal volume and positive end-expiratory pres- 
sure during pulmonary flushing and hyperinflation 
during storage provided excellent early posttrans- 
plantation pulmonary function in a canine allotrans- 
plantation model. 
In a previous tudy with use of a long-term canine 
left single-lung allotransplantation model in which 
graft function was assessed by rief 10-minute peri- 
ods of contralateral pulmonary artery (PA) cuff 
occlusion, we demonstrated that donor hyperinfla- 
tion improves posttransplant lung allograft unction 
unpublished ata.* Furthermore, we suggested that 
this improvement could be attributed to the main- 
tenance of lower alveolar surface tension during 
storage in hyperinflated grafts. However, previous 
reports have demonstrated that high airway pressure 
produces pulmonary edema. 8-11 Furthermore, re- 
cent work from our laboratory indicates that hyper- 
inflation during storage increases pulmonary capil- 
lary filtration coefficient. 12 Finally, experience in our 
clinical lung transplant program suggests that hyper- 
inflation results in a higher prevalence of immediate 
allograft dysfunction because of pulmonary edema. 
Our previous conflicting results that suggested that 
hyperinflation was beneficial might be explained by 
the brief 10-minute period of contralateral PA oc- 
clusion for allograft assessment used in that exper- 
imental model. Such a short period of total perfu- 
sion to the allograft might not have been long 
enough to demonstrate physiologic effects of hyper- 
inflation-induced pulmonary capillary permeability. 
*Aoe M, Trachiotis GD, Manchester JK, et al. Effects of hyper- 
inflation during storage in lung transplantation. 
The purpose of the present study was to reevalu- 
ate the effects of hyperinflation on posttransplant 
graft function by using a model in which the trans- 
planted lung receives the entire cardiac output. 
Material and methods 
Donor procedure. Forty adult mongrel dogs (body 
weight 24.2 to 30.4 kg) that served as donors and recipi- 
ents were paired by weight and randomly assigned to one 
of four study groups (n = 5). Donor lung excision and 
storage were done by previously described techniques 
(Aoe and colleagues, unpublished data). The donors were 
anesthetized with sodium thiopental 10 mg/kg intrave- 
nously, followed by atropine 0.04 mg/kg intramuscularly, 
and intubated with a 9.0F special endotracheal tube to 
monitor intratracheal ir pressure throughout the harvest 
procedure by means of a model 1290A transducer 
(Hewlett-Packard, Andover, Mass.). The lungs were ven- 
tilated with a tidal volume of 750 ml (approximately 35
ml/kg), a respiratory rate of 12 breaths/rain, an inspired 
oxygen fraction of 1.0, and no positive end-expiratory 
pressure (Bennett MA1, Puritan Bennett, Inc., Overland 
Park, Kan.). The femoral artery was cannulated to moni- 
tor systemic arterial pressure during the harvest proce- 
dure. 
After a median sternotomy, the thymus was removed 
and the azygos vein was divided. Both venae cavae and the 
aorta, PA, and trachea were isolated. Heparin (400 U/kg) 
was administered systemically and a 6.5 mm curved metal- 
tipped perfusion cannula (Sarns, Inc., Ann Arbor, Mich.) 
was inserted into the main PA just distal to the valve, 
secured with a purse-string suture, and connected by 
means of tubing to a bag of cold (1 ° C) modified Euro- 
Collins solution (4 mmol/L MaSO 4 and 32.7 gm/L glucose 
added to the original Euro-Collins olution), which was 
hung at aheight of 40 cm above the chest. After four 1600 
ml tidal volume breaths were administered to eliminate 
atelectasis, the previous ventilatory parameters were re- 
sumed for 1 minute to allow the lungs to reach their 
baseline volume. Cardiac inflow occlusion was then ac- 
complished by ligation of both venae cavae. 
The left atrial appendage was amputated and the lungs 
were flushed by gravity pressure (40 cm H20 ) with 50 
ml/kg of Euro-Collins olution. Simultaneous topical cool- 
ing was achieved by intrathoracic immersion of the lungs 
in cold saline solution (1 ° to 4 ° C). After completion of the 
flush, the endotracheal tube was clamped at end-inspira- 
tion and the intratracheal ir pressure was recorded on a 
Gould 2800 series recorder (Gould Inc., Cleveland, Ohio). 
At this point, animals were divided into two groups. In 
groups I (n = 5) and III (n = 5), no air was withdrawn and 
the trachea was stapled. In groups II (n = 5) and IV (n -- 
5), 200 ml of air was withdrawn gently through the 
tracheal tube under positive intratracheal pressure (Table 
I). Intratracheal pressure was measured again and the 
trachea was stapled. The heart-lung block was then ex- 
cised, placed in a plastic bag containing 1° C Euro-Collins 
solution, and preserved at 1 ° C for 12 hours. 
Recipient procedure. Left single-lung implantation was 
done in the usual fashion. Twenty adult mongrel dogs 
(body weight 25.1 to 31.7 kg) were anesthetized in the 
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Tab le  I. Characteristics of  experimental groups 
Rt. PA Rt. bronchus 
Hyperventilation Flushing Total ligation ligation 
during Air Flushing pressure Excision Implantation ischemic time during during 
Group flushing withdrawal time (sec) (mm Hg) time (min) time (min) (hr ++- rain) assessment assessment 
I + - 70 -+ 6.3 17.8 -+ 0.6 10.2 _+ 0.7 61.8 -+ 3.9 12.1 -+ 9 + + 
II + + 77+7.7 20.6+1.7 11.2_+0.5 58.6-+1.2 11.9-+6 + + 
III + - 74 _+ 9.2 18.6 + 1.0 9.8 + 1.1 59.8 -+ 3.3 12.0 -.+ 10 + - 
IV + + 65 - 7.4 19.0 -+ 1.2 11.2 -- 2.5 57.2 + 2.3 11.8 -+ 4 + - 
There were no significant differences between groups in flushing time, flushing pressure, excision time, implantation time, or total ischemic time. 
Hyperventilation, Lungs were ventilated with tidal volume of 750 ml, 20 breaths/min, and positive end-expiratory pressure 0 cm H20; excision time, from 
flushing finish to immersion in storage solution; total ischemic time, from inflow occlusion to start reperfusion; Rt.PA, right PA. 
same manner as in the donor procedure and the lungs 
ventilated with an adjustable-rate Harvard pump respira- 
tor (model 613, Harvard Apparatus, South Natick, Mass.) 
with 98.5% oxygen and 1.5% halothane. Systemic, main 
PA, and central venous pressures were obtained through a 
femoral arterial cannula and a balloon-tipped catheter 
(Swan-Ganz catheter, Baxter Healthcare Corp., Edwards 
Division, Santa Aria, Calif.) by means of a transducer 
(model 1290A, Hewlett-Packard). A thoracotomy was 
done in the left fifth intercostal space and a left pneumo- 
nectomy was done. In groups I and II, the right PA and 
the right upper and lower bronchis were mobilized 
through the mediastinum, and umbilical tapes were placed 
around them to obtain left single-lung perfusion and 
ventilation during assessment. In groups III and IV, only 
the right PA was mobilized. The left lung of the donor was 
trimmed from the heart-lung block in a basin containing 
cold saline solution. The left lung was covered with cold 
gauze during implantation. The left atrial and pulmonary 
arteries and bronchus were anastomosed consecutively. A 
continuous everting mattress uture was used for the left 
atrial anastomosis, and continuous over-and-over suture 
was used for the other two anastomoses. 
After the completion of anastomoses, the left trans- 
planted lung was inflated with 30 cm of water pressure 
once and ventilation and reperfusion were started. A 
MiUar Mikro-Tip catheter pressure transducer (model 
SPC-370, Millar Instruments Inc., Houston, Tex.) was 
introduced through the mediastinal pulmonary vein into 
the left atrium and anchored. Two chest tubes were 
placed, connected to a waterseal bottle, and placed at - 15 
cm H20 pressure. In groups I and II, the right upper and 
lower bronchi were both individually ligated. Complete 
occlusion of the right-sided airway was confirmed by 
examination with a fiberoptic bronchoscope. At the same 
time, the right PA in all the groups was ligated. Thus the 
transplanted left lung received the total cardiac output in 
all groups. 
In groups I and II only the transplanted lung was 
ventilated (Bennett model MA1, tidal volume 550 ml, 
respiratory rate 20 breaths/min, fraction of inspired oxy- 
gen 1.0, and 5 cm H20 positive end-expiratory pressure). 
In groups III and IV, both lungs were ventilated (Bennett 
model MA1, tidal volume 750 ml, respiratory rate 20 
breaths/min, fraction of inspired oxygen 1.0, and 5 cm 
H20 positive nd-expiratory pressure (Table I). We chose 
to include these two groups (that is, both lungs ventilated) 
so as to create a situation comparable with that in our 
previous tudies in which postimplantation allograft func- 
tion had been assessed with both the native and trans- 
planted lungs ventilated. Peak inspiratory pressures were 
recorded. The chest wall was then closed and animals 
turned to the supine position. 
Assessment  of lung function. During the 6-hour assess- 
ment period, the level of anesthesia was maintained with 
periodic administration f intravenous sodium thiopental. 
Aortic, PA, central venous, and left atrial pressures were 
continuously recorded. Arterial and central venous blood 
gas values were analyzed every 15 minutes from the start 
of the assessment. Cardiac output was determined in 
triplicate by the thermodilution method every hour. Blood 
pH was normalized as necessary by administration of 
bicarbonate. Ringer's lactate solution was judiciously in- 
fused to maintain central venous pressure within a normal 
range. Edema fluid from the left lung was suctioned with 
a fiberoptic bronchoscope 10 minutes before each assess- 
ment. Total edema fluid volume aspirated uring the 
assessment was measured. After the assessment, the ani- 
mals were killed and both lungs were excised for patho- 
logic study and wet/dry lung weight ratio measurement. 
Statistical analysis. All data are represented as mean 
plus or minus standard error of the mean. One-way 
analysis of variance (ANOVA) with repeated measures 
was used to determine whether an overall difference 
existed in graft function between the groups during the 
assessment. Additional comparison was done to deter- 
mine where significant differences arose during the assess- 
ment. The other data were analyzed with one-way 
ANOVA. Statistical significance was accepted at 95% 
confidence limit, p < 0.05. 
All animals received humane care in compliance with 
the "Principles of Laboratory Animal Care" formulated 
by the National Society for Medical Research and the 
"Guide for the Care and Use of Laboratory Animals" 
prepared by the National Academy of Science and pub- 
lished by the National Institutes of Health (NIH Publica- 
tion No. 86-23, revised 1985). 
Resu l ts  
There were no significant differences in mean 
weight of donor and recipient dogs, flushing times, 
flushing pressures, excision times, implantat ion 
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Fig. 1. Maximum airway pressure just before chest closure. Maximum airway pressure in group I was 
significantly lower than that in group II (p < 0.05), but there was no significant difference between groups 
III and IV. NS, Not significant. 
Table II. Airway pressure during harvest 
Pressure (mm Hg) 
Before During Airway At 
Group flushing flushing clamping excision 
I 0-9.8 ± 0.3 0-20,6 --+ 0.8 7.7 --+ 0.5 7.7 ± 0.5* 
II 0-8.3 + 0.5 0-18.9 +- 1.0 6.9 -+ 0.5 3.0 ± 0.4* 
III 0-10.1 -+ 0.7 0-20.2 ± 1.4 7.6 ± 0.4 7.6 -+ OAt 
IV 0-8.9 -+ 0.9 0-20.2 -+ 0.8 7.4 +- 0.8 4.0 -+ 0.2"~ 
*p < 0.01, group I versus group II, 
tp < 0.01, group III versus group IV. 
times, or total ischemic times between the groups 
(Table I). However, airway pressures at extraction 
were significantly higher in groups I and III (7.7 +_ 
0.5 and 7.6 +_ 0.4 mm Hg) compared with those in 
groups II and IV (3.0 _+ 0.4 and 4.0 ± 0.2 mm Hg) 
(p < 0.01) (Table II). The mean time from reperfu- 
sion to initial assessment was 15.6 +_ 1.2 minutes in 
group I, 14.7 + 1.7 minutes in group II, 12.6 _+ 1.9 
minutes in group III, and 12.4 _+ 1.2 minutes in 
group IV. 
All animals tolerated the 6-hour assessment pe- 
riod and were available for data analysis. 
Maximum airway pressure before chest closure. 
The maximum airway pressure in group I was sig- 
nificantly lower than that in group II (group I versus 
group II: 30.0 +_ 0.7 versus 33.4 _+ 1.2 cm H20; p < 
0.05). There was no significant difference between 
groups III and IV (group III versus group IV: 25.0 _+ 
1.0 versus 25.2 _+ 1.2 cm HzO; not significant) (Fig. 
1). 
Gas exchange during the assessment. Between 
groups I and II, there were significant overall differ- 
ences in the trends of arterial oxygen tension (Pao2), 
alveolar-arterial oxygen gradient (A-aDo2), and 
shunt fraction (Qs/Qt) with one-way ANOVA with 
repeated measures (Pao2; p < 0.01; A-aDo2; p < 
0.01; Qs/Qt; p < 0.05). Further statistical analysis at 
each assessment point was done. There were no 
significant differences in Pao2, arterial carbon diox- 
ide tension (Pacoa), AaD2, or Qs/Qt at the initial 
assessment. In group I, gas exchange deteriorated 
rapidly during assessment. Significant differences 
were obtained after the 135-minute assessments in
Pao2; A-aDo2 (group I versus group II at 135-minute 
9 8 Aoe et al. 
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Fig. 2. Gas exchange during 6-hour assessment after liga- 
tion of right bronchi and PA (groups I and II). p Values of 
one-way ANOVA with repeated measures between two 
groups are shown on right side of each parameter schema. 
p Values for comparison at each assessment time are repre- 
sented by asterisks (p < 0.05) and daggers (p < 0.01). There 
were no significant differences at initial assessment time 
between two groups in Pao2, Paco2, A-aDo2, or Qs/Qt. 
However, significant differences in overall trends were ob- 
served in later assessments in Paoz and A-aD% (p < 0.01) 
and in Qs/Qt (p < 0.05). NS, Not significant. 
assessments: Pao2; 226.3 + 59.4 versus 433.9 + 32.1 
mm Hg; A-aDo2; 434.5 2 58.3 versus 240.3 + 32.8 
mm Hg, p < 0.01) (Fig. 2). This difference in gas 
exchange continued with group I I  animals having 
superior oxygenation throughout the remaining 
6-hour assessment period. 
Between groups I I I  and IV, significant overall 
differences were detected in the trends of Pao 2 and 
A-aDo 2 with one-way ANOVA with repeated mea- 
sures (Pao2, p < 0.05; A-aDo2, p < 0.05). Further 
statistical analysis at each assessment point revealed 
that at the initial assessment, Pao2 in group IV was 
p<0.05 
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Fig. 3. Gas exchange during 6-hour assessment after liga- 
tion of right PA (groups III and IV). At initial assessment, 
gas exchange of group 1II was significantly better than that of 
group 1V (p < 0.05). However, gas exchange of group IV 
improved before second assessment and there was no signif- 
icant difference b tween two groups. After 210-minute as- 
sessment, group III exhibited eterioration ofgas exchange 
and significant differences in overall trends were obtained in 
Pao2 and A-aDo 2 (p < 0.05). NS, Not significant. 
significantly lower and PaCo2, A-aDo;, and Qs/Qt in 
group IV were significantly higher than in group I I I  
(group I I I  versus group IV at the initial assessment; 
Paoz, 543.1 _+ 39.4 versus 298.8 + 74.0 mm Hg; 
Paco2, 30.6 + 2.0 versus 40.3 _+ 3.3 mm Hg; A-aDo2, 
122.1 + 37.4 versus 365.7 + 70.7 mm Hg; Qs/Qt, 
7.9% + 2.3% versus 23.3% _+ 5.7%;p < 0.05). This 
initial poor gas exchange in group IV improved 
within 15 minutes. During the subsequent 3 hours, 
gas exchange was similar and quite adequate in 
groups I I I  and IV. After 210 minutes, gas exchange 
in group II I  began to deteriorate creating a signifi- 
cant difference between groups that persisted for the 
remaining assessment period (Fig. 3). 
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Fig. 4. Hemodynamics during 6-hour assessment after 
ligation of right bronchi and PA (groups I and II). There 
were no significant differences between two groups in 
aortic pressure (Ao), pulmonary arterial pressure (PA), 
central venous pressure (CVP), cardiac index (CI), or 
pulmonary vascular resistance (PVR). NS, Not significant. 
TIME (minutes) *: p<0.05 
Fig. 5. Hemodynamics during 6-hour assessment after 
ligation of right PA (groups III and IV). There were no 
significant differences between two groups except in PA 
pressure at several times (p < 0.05). Abbreviations same 
as in Fig. 4. 
Hemodynamics. Between groups I and II, no 
significant differences were detected in aortic pres- 
sure, mean PA pressure, central venous pressure, 
cardiac index, or pulmonary vascular esistance with 
one-way ANOVA with repeated measures or con- 
trast (Fig. 4). 
Between groups II! and IV, although significant 
differences were detected in mean PA pressure at 
the initial and 210-, 225-, and 255-minute assess- 
ments and in pulmonary vascular esistance at the 
initial assessment, here were no significant differ- 
ences in the overall trends of aortic pressure, mean 
PA pressure, central venous pressure, cardiac index, 
or pulmonary vascular esistance (Fig. 5). 
Wet/dry lung weight ratio. In groups I and II, the 
wet/dry lung weight ratio of the allografts was 
significantly higher than that of the native right 
lungs (right lung versus left lung in group I: 5.06 _+ 
0.18 versus 8.67 _+ 0.63,p < 0.01; in group II: 5.33 + 
0.13 versus 7.84 +__ 0.42,p < 0.01), but there was no 
significant difference between the allografts in 
groups I and II (Fig. 6). 
Whereas wet/dry lung weight ratio for allografts was 
significantly higher than that of the right native lungs 
in group III, there was no such significant difference in 
group IV (the right lung versus the left lung in group 
III: 5.67 _+ 0.25 versus 8.38 _+ 0.53,p < 0.01; in group 
IV: 6.02 + 0.50 versus 6.82 + 0.32, not significant). 
Thus there was a significant difference between al- 
lografts in groups III and IV (p < 0.05) (Fig. 6). 
Total volume of airway edema fluid. Airway 
edema fluid was obtained from all of the group I and 
II animals. Total volume of airway edema fluid in 
group I was significantly greater than that in group 
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Fig. 6. Wet/dry lung weight ratio after 6-hour assessment. After assessment, wet/dry weight ratio of 
allograft became significantly higher than that of rig t native lung in groups I, II, and III (p < 0.01). 
However, wet/dry weight ratio of left transplanted lung in group IV remained same as that of 
nonreperfused right native lung. Thus there was significant difference between left lungs in groups III and 
IV (p < 0.05). NS, Not significant. 
II (group I versus group II: 940 _+ 179 versus 193 _+ 
126 ml, p < 0.01) (Fig. 7). Two of five animals in 
group II and all group IV animals had no measur- 
able edema fluid during the 6-hour assessment. 
Therefore no statistical comparison was made be- 
tween groups III and IV. 
Histologic findings. After the 6-hour assessment, 
the transplanted left lung in all groups showed 
varying degrees of edema formation. No qualitative 
differences were detected between the groups. The 
right native lungs in groups I and II showed com- 
plete atelectasis and those in groups III and IV 
normal alveolar structure. 
Discussion 
Puskas and associates 7 recently reported that 
increased ventilation volume during donor lung 
flush and hyperinflation during storage provide ex- 
cellent preservation even in the absence of the 
vasodilator prostaglandin E 1. We have demon- 
strated that graft hyperinflation during storage pre- 
vents the accumulation of serum protein in the 
alveolar space, maintains urface activity, and im- 
proves early postoperative lung function. 8 It might 
therefore be assumed that hyperinflation during 
storage improves early lung allograft function. 
On the other hand, several studies have shown 
that excessive hyperdistension f the lung by either 
static inflation, high tidal volume, or positive end- 
expiratory pressure increases lung solute permeabil- 
ity l°'la and produces pulmonary microvascular 
injury ]1 and pulmonary edema, s' 9 Furthermore, we 
noted that the application of donor lung hyperinfla- 
tion in a recent series of clinical lung transplants 
resulted in an increased prevalence of early allograft 
dysfunction as a result of pulmonary edema. 
The canine left single-lung transplantation model 
with temporary contralateral PA occlusion, used by 
Puskas and colleagues 7 and in our previous study 
(Aoe and colleagues, unpublished ata), was origi- 
nally described by Jones and associates 13in 1988. In 
that model, the contralateral PA is occluded tempo- 
rarily with an inflatable cuff implanted around the 
right PA, which thereby directs blood flow to the 
transplanted left lung. Hence both the transplanted 
left lung and the native right lung, which has a 
normal pulmonary vascular esistance, are perfused 
for most of the posttransplantation period. Yet in 
the clinical situation of single-lung transplantation 
for pulmonary hypertension, or during explantation 
and implantation f the second lung in bilateral lung 
transplantation, a single allograft will receive most if 
not all of the cardiac output. Indeed, even when 
single-lung transplantation is used in emphysema or
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Fig. 7. Total volume of airway edema fluid suctioned during assessment. In general, one-lung ventilation 
groups (groups I and II) had more edema fluid production than double-lung ventilation groups (groups III 
and IV). There was significant difference between groups I and II (p < 0.01). NS, Not significant. 
pulmonary fibrosis, the majority of cardiac output is 
directed to the allograft. In this situation a hyper- 
ventilation-induced permeability lesion would be- 
come evident. However, in the canine model used by 
Puskas and colleagues 7 and by us (Aoe and col- 
leagues, unpublished data), the temporary 10- 
minute PA occlusion may permit underestimation f 
the permeability lesion. 
Another problem with previous reports that used 
temporary balloon occlusion of the contralateral PA 
is the measurement of pulmonary capillary wedge 
pressure by balloon-tipped catheter inflation. With 
all flow to the allograft, balloon inflation in the 
allograft PA might give erroneous measurements of 
wedge pressure as a result of hemodynamic instabil- 
ity during balloon inflation. 14 Although we have 
used this technique in previous studies, 15 in the 
present study, a Millar Mikro-Tip catheter pressure 
transducer was introduced into the left atrium 
through the mediastinal pulmonary vein. This made 
it possible to obtain continuous and reliable values 
of left atrial pressure directly. 
This current study demonstrates that immediate 
postpreservation lung function is satisfactory irre- 
spective of the state of inflation during storage. 
However, gas exchange in the hyperinflated lungs 
deteriorated within the early reperfusion period and 
was significantly worse than that in lungs stored at 
normal volume. In this study we have also demon- 
strated that with both native and transplanted lungs 
ventilated and only the transplanted lung perfused, 
immediate function of hyperinflated lungs was sat- 
isfactory but once again deteriorated astransplanted 
lungs became dematous during thelatter portion of 
the 6-hour reperfusion period. Allografts tored in a 
state of normal inflation appeared to have lower 
pulmonary compliance with ventilation preferen- 
tially directed to the native right lung during the 
initial phase of assessment. This may explain the 
initially poor gas exchange in group IV animals. 
However, once the transplanted lung became well 
ventilated it maintained adequate pulmonary func- 
tion throughout the 6-hour assessment period. 
The decision to use a tidal volume of 750 ml to 
hyperinflate lungs at harvest was based on the report 
of Fonkalsrud and colleagues 4 that lungs inflated 
with static 10 cm of water pressure provided supe- 
rior preservation compared with lungs inflated with 
25 cm of water pressure. Our previous tudy showed 
that a tidal volume of 750 ml was adequate to obtain 
a static inflation pressure of approximately 10 cm of 
water pressure (approximately 6 mm Hg; Aoe and 
colleagues, unpublished ata). Additionally, that 
study revealed no microscopic lung parenchymal 
damage from such a tidal volume during the harvest 
procedure. 
Air withdrawal after flushing in groups II and IV 
(normoinflation groups) was done to make the lungs 
more normally inflated and to create a significant 
difference in intraairway pressure between the 
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groups. It should be emphasized that air was with- 
drawn gently under positive pressure to avoid un- 
even withdrawal and local microatelectasis. Lungs of 
the normoinflation groups were visibly smaller than 
the lungs of the hyperinflation groups stored after 
inflation with a tidal volume of 750 ml. Yet lungs 
from the normoinflation groups maintained a nor- 
mal state of inflation during preservation and had no 
apparent local atelectasis on gross and microscopic 
examination. 
It has been reported that preserved lungs main- 
tain aerobic metabolism during storage and produce 
carbon dioxide 16 that replaces intraalveolar oxygen 
and dissolves into the flushing solution. 17 Haniuda 
and associates .2 demonstrated that donor lungs 
have a volume decrease during storage. Although 
some decrease in lung volume is inevitable, we have 
observed that, even 24 hours after harvest, no 
microatelectasis was found in the preserved lungs 
that had 200 ml of air withdrawn at harvest (Aoe 
and colleagues, unpublished ata). 
In the current study during the 6-hour assessment 
period we chose to use high tidal volumes of 550 ml 
in groups I and II (single lung ventilation) and 750 
ml in groups III and IV (bilateral lung ventilation). 
This degree of hyperventilation was used to avoid 
acidosis. Acidosis will increase PA pressure and 
adversely affect graft function. Correction of pH 
solely by bicarbonate administration can require a 
large volume of fluid infusion and increase central 
venous pressure resulting in pulmonary edema and 
allograft dysfunction. 
The model used in this study provides a severe 
test of allograft function. The ischemic time used is 
longer than the 6- to 8-hour ischemia cceptable in
clinical lung transplant programs. Prolonged con- 
tralateral PA occlusion is capable of detecting a 
permeability defect hat is not evident with shorter 
periods of temporary PA occlusion. The findings of 
the current s udy indicate that hyperinflation during 
storage is detrimental to subsequent allograft func- 
tion. On the basis of these results, we no longer use 
hyperinflation in clinical lung harvests but rather 
harvest and store donor lungs in a state of normal 
end tidal inspiration. 
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